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ABSTRACT

Laboratory experiments were conducted to determine the effects of in ovitro cultures
of the marine dinoflagellate, Gonyaulax monilata Howell, on fishes. Results indicate that
the organism produced a substance(s) toxic to fishes and that the toxicity of the me-
dium is increascd if the dinoflagellate cytolyses.

INTRODUCTION

Connell and Cross (1950) reported the

concurrent appearance of red, luminescent
water, large numbers of a marine dino-
flagellate, Gonyaulax sp., and the mass
mortality of fishes in Offats Bayou near
Galveston, Texas. They did not identity
the species of Gonyaulax, but their report
contains photographs and drawings of the
associated, chain-forming organism. Howell
(1953) reported the occurrence ot red
water, fish mortality and blooms ot Gonyau-
lax, which he described as Gonyaulax
monilata, in a location near Melborne,
Florida. Gunter (1942) had previously re-
ported vearly summer mortality of fishes in
Offats Bayou during the period from 1936
to 1941 and, according to Connell and
Cross, local residents had observed this red
water and dead {fishes almost every year
during the 15-20 years prior to 1949,

During September 1955, we observed
“red water” and dead fishes in Otfats Bayou.
The organism responsible for the water dis-
coloration was Gonyaulax monilata. The
samples we collected contained between
500 and 1000 organisms per ml. We were
able to establish bacterized cultures of this
species in the laboratory at that time. Sub-
sequently, mass cultures of G. monilata
were established and tests were conducted
to determine the effects, it any, of the cul-
tures on tishes.

The results of these tests indicate that
bacterized cultures of Gonyaulax monilata
are toxic to fishes and blooms of this organ-
ism may be the direct cause of associated

1 Present address: M. ID. Anderson Hospital,
Houston, Texas.

tish mortality. The results of these tests
were similar, in that the Gonyaulax culture
was toxic to fishes and the uninoculated
media were not. The experiments differed
in the size, number and species of fish test-
ed and the time required for the death ot
fishes to occur. The data from one experi-
ment are presented in this paper.

METHODS AND MATERIALS

The materials used in this experiment
consisted of 10 liters of artificial sea water
medium (Table 1), 5 liters of which were
placed in each of two Pyrex bottles (2%
gal). DBoth bottles were autoclaved at 15
Ibs for 30 min. One of the bottles of
medium was inoculated with 10.0 ml of a
bacterized culture of Gonyaulax monilata.
Both the inoculated and uninoculated bot-
tles were placed adjacent to two 40 w,
standard, cool white, fluorescent tubes.

After 3 months, at which time the test was
conducted, the inoculated medium contain-
ed approximately 1,400 G. monilata per ml.

Aliquots of both the G. monilata culture
and uninoculated medium were treated as
follows: A) umaltered; B) heated to 50°C
and allowed to return to room temperature;
C) frozen for 24 hours, thawed, and allowed
to return to room temperature; 1)) aerated
throughout the experiment; E) millipore
tiltered with AA membrane (filtrate); F)
millipore filtered culture (residue from E
reconstituted in 600 ml of uninoculated
medium ). The residue of the filtered un-
inoculated medium was not used.

Young mullet (Mugil cephalus) were
maintained in aerated sea water for four
days prior to the test. For the test, we used
600 ml] of each ot the 11 test media in one
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TasLE 1. Composition of artificial sea water
medium for growth of bacterized cultures of
Gonyaulax monilata Howell

Amount per Liter!

NaCl 24,0 g
KCl 0.6 ¢
Mg(Cl.. 6H.O 4.5 ¢
MgS8O,. TH.O 60 ¢
CHG]E 0.7 g
KXNQOs 10.0 mg
Vitamin Baie 1.0 ug
Thiamine HCI 10.0 mga
Biotin (0.5 ug
Sultides® 1.0 ml
Vitamin Mix §* 0.1 ml
Mctals T® 5.0 ml
Adenine Sulfate 1.0 mo

Tris ( Hydroxymethyl)
Aminomethane

( Ethvlenedinitrilo ) tetraacetic
Acid Disodium Salt

0.1 ¢ (pH 82}

10.0 mg

' Raise to ome liter with distilled water.

* Sulfides: NH Cl 0.2 g., KH PO, 0.1 g, MgCl, 6H,0
04 g., NaHCO, 0.2 g., Na,. SH,O 0.15 g,
to one liter with distilled water.

* Vitamin Mix 8: thiamine HCl 20 mg., biotin 50 gg.,
Vitamin B,, Sug., folic acid 0.235 mg., para-aminobenzoic
acid 1.0 mg., nicotinic acid 10 mg., thvmine 80 mg.,
choline 30 wmg., inositel 100 mg., putrescine (L8 mg.,
riboflavin 0.3 mg., pyridoxine 4.0 mg., pyridoxamine 2.0
mg., orotic acid 26 mg., Raise to 100 ml. with distilled
water. (From Provasoli, et al., 1956.)

-

Raise

t Metals T mg. per 100 ml.
Fe (as Fe,(CHO)3) ... 5.0
B (as H,BO,) _____ . 5.0
S5e (as H,5eOQ,) ... I i |
vV {(as NH VO, . 0.5

Cr (as K,CrO,) . RS § X"

Mn (as MnCL.6H,G) . 1.¢
Ti (as TIO,Y .. .. . 50
St (as Na,SiO,.9H 0} . 5.0
Zr (as ZrOCL,. 8H,0) e . 2.0
Ba (as BaCl,) ... . R O

Raise to 100 ml. with distilled water.

liter beakers. Each beaker received six
fish (average standard length 19 mm.) and
was covered with polyethlyene sheeting.
These were placed adjacent to 40 w, stand-
ard, cool white, fluorescent tubes. The
temperature, at the test site, varied from 70°
to 74°F.,

Samples from each container were taken
for pH determinations before adding the
fish and at 7 hours after the start of the
experiment. Samples were taken Irom each
container for salinity determination, at
termination (24 hours after start)} of the ex-
periment and from the stock culture of G.
monilata and uninoculated medium.
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Toxicity was determined by the length of
time required for the six M. cephalus to die.
Each fish was removed from the test ma-
terial immediately upon death, so that the
medium would not become excessively

fouled.

RESULTS

A summary of the results of this test is
contained in Table 2. As shown in this
table, the fish died in less than 4% hours in
all aliquots of the G. monilata culture, ex-
cept the millipore filter residue reconstitut-
cd in uninoculated medium. None of the
fish died in the uninoculated medium, re-
gardless of its treatment, within the 24-hour
test period.

G. monilata culture heated to 50°C ap-
peared to be the most toxic. The average
survival time was 45 min. The next most
toxic test material was the frozen culture, in
which the average survival time of the fish
was 56 min. In the millipore filtrate aliquot
of the culture, the average survival time was
2 hours and 19 min, and in the unaltered
and aerated aliquots of the culture, it was 3
hours and 5 min and 3 hours and 19 min,
respectively.

DISCUSSION

Results of this experiment, and the others
we conducted, indicate that Gonyaulax
monilata produces a substance(s) toxic to
fishes. Disrupting the dinoflagellates by
heating or freezing the cultures appeared to
increase this toxicity. The mullet in both
heated and frozen G. monilata cultures died
within one hour, whereas in the untreated
culture the first fish did not die until over
two hours had elapsed. This would indicate
that toxicity does not depend on the pres-
ence of living organisms. Similar results
with Gymnodinium breve were found by
Ray and Wilson (1957) and by Starr { 1958 )
who reports that the toxicity of a living
culture of G. breve is increased by physical
and chemical procedures which effectively
destroy the organism.

The results indicate that the toxicity of a
millipore filtrate is greater than that of the
untreated culture, but the residue recon-
stituted in uninoculated medium did not
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TaBLE 2. Effects of bacterized culture of Gonyaulax monilata on Mugil cephalus

Containcr number

Distresst Death2

pH?

pH*

Container number

Distress! Death?®

pH?®

pH*

and medium time time before after Salinity® and medium time timc  before after Salinity®
Al Unaltered G. 1:55 2:04 8.0 7.7 2962 DI Unaltered G. 2:15 2:34 8.0 7.6 29.84
monilatg enl- 2:01  2:47 monilata cul- 2:15 2:34
ture 2:49 3:02 ture aerated 2:51 2:58
3:03  3:16 during experi- 2:57 3:20
3:08  3:17 ment 3:12  4:03
3:09 4:03 3.99  4.35
AIl Unaltered None® None 7.6 6.7 29.46 ‘ '
Uninoculated DII Unaltered None None 7.6 6.8 29.48
medi-um LTHjﬂﬂculﬂ-tErd
BI G.monilata 0:31 0:36 7.9 7.7 27.73 medium
culture heated 0:36 0:41 aerated dur-
to 50° C., then (:41 0:43 ing cxperiment
returned to - 0:41 0:45 EI Millipore fil- 1:22 1:27 7.8 7.8 29.69
room temp. 0:41 0:48 trate of C 1:34  1:49
0:42 0:58 monilata :;ul— 1151 1:55
BII Uninoculated None None 7.5 6.6 29.59 | . ' '
: , ture { with AA 2:09 2:20
medium heat-
ed to 50° C., membrane)  2:44  3:09
then returned 3:04  3:24
to room temp. EII Millipore fil- None None 7.5 6.6 29.45
Cl G.monilata 0:47 0:50 8.0 7.8 29.51 trate of unin-
culture frozen 0:47 0:51 oculated me-
for 24 hours, 0:48 0:57 dium ( with
thawed, then 0:50 0:57 AA membrane )
returned to :51 0:59 . .
room femp. 0:51 1:00 Fi Re‘sn*:lue of | None None 7.5 6.6 29,83
CII Uninoculated None None 7.5 6.6 29.53 Millipore £il-

medium frozen
for 24 hours,
thawed, then
returned to
room temp.

tered G. moni-
lata culture,
in uninocu-
lated medium

L Time (hr:min) required for fish to show first visible signs of imbalance.

2Time (hr:min) of ccssation of opercular movement.
> pH taken before fish were added to test medium.
1 pH taken seven hours after start of experiment.

® Salinity samples taken at termination of experiment (24 hrs, after start).

Salinity of stock hottle of G. monilate

culture—32.7(. Salinity of stock bottle of Uninoculated medium—32.60.
’I’he notation ““None’ means that no distress or death occurred within 24 hours after the start of the test.

kill the tish. It is assumed that the organ-
isms were broken up by the suction of milli-
pore filtration allowing more of the toxic
portion to pass through the membrane.
Connell and Cross (1950) found that the
tishes in Offats Bayou usually died when
the Gonyaulax bloom “submerged” and sug-
gested that the decrease of oxygen, that ac-
companied their submergence, was a con-
tributing factor to the fish mortality. Our
results indicate that if the submergence was
actually the decomposition of Gonyaulax
cells, tish would die at that time because
more toxin(s) would be released. The re-
sults of subjecting tish to aerated G. moni-

lata cultures indicate that the lack of oxygen
was not the cause of fish deaths in this ex-
periment. Maximum death time of tish in
the aerated culture was only 22 min longer
than in the untreated culture. Ray and Wil-
son (1957) have eliminated oxygen de-
ficiency as a possible reason for toxicity
caused by Gymnodinium breve.

Shilo and Aschner (1953), working with
Prymunesium parvum tound that the toxicity
of this organism was decreased by mild
acidity, oxidizing agents, absorbents, and
bacterial growth. McLaughlin (1956) like-
wise ftound that cultures of P. paroum
grown in alkaline media were far more toxic
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than if the pH was reduced, but subsequent
raising of the pH restored toxicity. Further
work is needed with Gonyaulax monilata
concerning these factors that may influence
toxicity,

Symptoms of human shellfish poisoning,
associated with blooms of Gonyaulax
catenella and Gonyaulax tamarensis are pri-
marily peripheral paralysis and death by
respiratory failure (McFarren, et al. 1956).
Mugil cephalus when exposed to G. moni-
lata culture, first exhibits distress by frenzi-
ed activity, followed by the loss of equili-
brium. The fish then turns upside down or
on its side and shows slow opercular
movements. It may remain in this position,
either floating or lying on the bottom of the
container, for some time. Immediately be-
tore death, there is a violent burst of activity
and the fish dies with mouth and oper-
cula open. Since G. monilata seems to have
a paralyzing elfect on mullet, it would be
interesting to compare the effects of the
toxin(s) produced by G. catenella and G.
tamarensis with G. monilata toxin, on mice
or other test animals.

Additional tests with bacteria-free cul-
tures are needed to determine the contribu-
tion of bacteria to the toxicity of the cul-
tures.
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